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Abstract: Westudied the influence of parametersthatgovern the 
excitonic conversion phenomena in semiconductors . In 
this study wedefined a surface conversion velocity of excitons to 
free electron-hole pairs b s and a parameter of exciton 
dissociation in the space charge layer b (x) related to the 
electricfield E(x). The influence of b s on the electrons and 
excitons densities and on the short-circuit current shows 
thatthisparameteris a generationterm for electrons and a 
recombinationterm for excitons. In the 

organicsemiconductorwhere the excitons have a very short 
lifetime and a binding energy superior to thermal energy, an 
exciton conversion model is essential to increase the 
performance of thesesolarcells. Our study show edthat the short- 
circuit current has a high value when the exciton conversion 
speed is of the order of 10 4 cm. s' 1 . 
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I. Introduction 

Excitons have a very short lifetime x ex , on the order of 
nanoseconde [1-4]. In inorganic materials, their diffusion length 
can reach 4pm and their binding energy is relatively low 
(14,7meV for silicon), thermal energy is generally sufficient to 
dissociate the electron and the hole of the exciton. However, in 
organic materials, excitons have a shorter diffusion length and 
their binding energy varies between 0.4 and 1.4 eV. It takes the 
presence of a local electric field to dissociate the two particles 
[5-7]. If excitons are not converted into free electron-hole pairs 
meanwhile x ex , the electron and hole recombine and the energy is 
transformed into a new photon or heat. The aim of our work is to 
study the excitons conversion phenomena into free electron -hole 
pairs in the semiconductor. Our study model is an extension of 
the basic model of Green where the space charge layer is taken 
into account. We model by a coefficient b s excitonic conversions 
to the surface of the base and by a non-uniform coefficient b (x),,/ 
excitonic conversions in the space charge layer (SCL). We study 
indeed the influence of b s on the densities of electrons and 
excitons generated in the base and on the short-circuit current. 


where there is an electric field E(x), all excitons are dissociated 
into free electrons and holes that participate in the current. 



SCL 

QNR 

n -type 

E(x) 

p-type 


-w 0 H 


Fig. 1 . Schemaof the solarcell 


Thus, to include drift of electron in the space charge layer, we 

have added a term « ju e [eo)AtcJ» in the differential equation of 

the electron density [5]. However, that excitons remains the 
same as, in the space charge layer all excitons dissociate into free 
electrons and holes. This leads to the following two coupled 
differential equations: 

2 An d [ 1 An * 

D , d TT + ^^^)^J~ + b(A ^ N A- An ex n ) ... 

X e (I) 

- G g0 exp[-ax] 


2 An ex An ex * r 1 

D ex d ~Tr = ^ h(An e N A- An ex n > " G exO ex Pl-- ax J 

dx ex (2) 

E (x) is defined as follows [5]: 

E W = E rnW' ( 3 ) 

E(x) = 0 ; O < -X < // (4) 

To solve analytically this system, we will break down into two 
systems: A system that takes into account only the quasi -neutral 
region (QNR) and another that describes the space charge layer 
(SCL). Thus, we obtain: 


In quasi-neutralregion (QNR) 

In the QNR electric field E (x) is zero. We then get: 

2 An^ An e * 

D e d — + b(An e N A -An ex n ) - G e 0 exp[-a x] 

dx T e 


(5) 


II. Study model 

Our study model, developed in the article of M. Burgelman is an 
extension of the basic model of Green and Zhang [5]. 

The space charge layer which was not taken into account the 
subject of serious study. Indeed, we believe that in this area 


2 An ex An ex * r 1 

D ex d = T b ( A N A - An ex n > " G exO ex p|-- ax J 

dx T ex (g) 

The solving method of this system of differential equations is 
made in the articles ofCorkish and Zhang[l-2]. 
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Solvingthisequation system involves the followingboundary 
conditions [11]: 

At the junction : 


An e (0)=0 

An ex (0)=0 

At the rear face 
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S e and S ex are respectively the recombination velocity of electrons 
and excitons in the rear surface. 

b s is the surface conversion velocity of excitons into free pairs 
electron-hole [11]. 

Indeed S e -> oocorresponds to an ohmic contact and S e = 0 to a 
perfect surface . 

Equations (7) and (8) respectively reflect the non- accumulation 
of electrons and perfect dissociation of excitons into free 
electrons and holes at the junction while the equations (9) and 
(10) are the phenomena of electrons and excitons recombination 
and excitonic conversions to the back surface. 

S In the space charge layer (SCL) 

In the space charge layer, we have: 

- All excitons dissociate into electron - hole free because of the 

electric field E(x): An ex = 0 

- Coupling phenomenon gives way to the excitonic conversion 

E(x 


which is modeled by the coefficient b(x) = a q exp 


(ID 


A 0 and E 0 are constants determined by the boundary conditions 
of the SCL:b(0) = 10" 15 cnr .s' 1 and b (-W) = b max , 
bmax with varying between 10‘ 15 cm 3 . s' 1 and Kf'cnr.s' 1 . 

- The electron recombination rate is derived from the formula of 
Shockley - Read, thus written [8]: 

A n e Ap-n i 2 


eh T e i^ n i +An e + 4 p ) 


( 12 ) 


III.l. Influence of surface conversion velocity of excitons on 
the carriers density 




Fig. 2.Densities of excitons (a) and electrons (b) as a function of 
the exciton surface conversion velocity b s . 
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In the depopulated area such as a space charge zone, the product 
Ane x Ap is negligible before nf as An e and Ap relative to ni [8]. 

The recombination rate is then: u , = - (13) 

eh 2 T 

Equation (II. 10) becomes: 

D e d 2 [E(x)An e ] = ~^~ + b U)^ A An e ~ G eO ex p[ _ctx ] (1^) 

ni is the intrinsic concentration 

Solvingthisequation uses the folio wingboundaryconditions: 

A n e (-W) = N d (15) 

An e (0) = 0 (16) 

N d is the concentration of donor atoms 

III. Results and discussion 

We apply our results to organic semiconductors whereas a 
binding coefficient of excitonsb = 10' 15 cm 3 .s -1 , recombination 
velocity S ex = 10 2 cm.s" 1 and S e = 10 2 cm.s" 1 and a doping level 
N a = 10 17 cm' 3 . 



Fig. 3. Exciton density (a) and electrons density (b) as a 
function of depth in the base for the following values of b s : 10 2 

cm.s' 1 , 10 3 cm.s" 1 andlO 4 cm.s' 1 . S e = S ex = 10 2 cm.s" 1 

Figure 2 and 3 show that the electron density increases as 
exciton surface conversion velocity b s . whereas excitons 
decreases with. The curves have higher slopes for low values of 
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b s . Indeed, the conversion of the excitons increases the number 
of electrons present, thus enhancing the density of free electrons. 
However, a strong conversion of the excitons increases 
recombination events and screening which explains the low 
slope of the curve in the high values of b s . 

III.2. Influence of surface conversion velocity of exciton on 
the short-circuit currents 

We maintain the values of predefined parameters. By 
considering three values of exciton surface conversion velocity 
b s = 10 2 cm.s" 1 , b s = 10 3 cm. s' 1 and b s = 10 4 cm.s" 1 , it was 
possible to plot Figure 4 which reflects variation in short-circuit 
current as a function of the wavelength for each value of b s . We 
find that the variation of exciton surface conversion velocity 
does not change the wavelength corresponding to the maximum 
photocurrent generated by each of the charge carriers. However, 
there is a lowering of the photocurrent generated by the excitons 
and increasing that generated by electrons. Exciton surface 
conversion velocity is a generation term for electrons and a 
recombination term for excitons. 
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IV. Conclusion 

We studied in this article excitonic conversion phenomena in 
semiconductors. This paper is a continuation of the work of 
Burgelman. This study applied to organic semiconductor that 
shows the performance of these materials in the production of 
photovoltaic currents require excitonic conversion velocity 
greater than the exciton recombination velocity. This is possible 
when the local electric field is very high. Using backfield solar 
cell based on organic semiconductor promote a strong excitonic 
conversion, which would decrease the excitonic recombination. 
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Fig.4. Short-circuit currents generated by electrons and 
excitons as a function of wavelength for b s = 10 2 cm.s _1 , 
b s = 10 3 cm.s' 1 and b s = 10 4 cm.s' 1 
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